There are many technical problems that mist in communities other than our own. These problems both deserve our attention and require focused research. We present one example: the TEK Search Engine. TEK is an email-based search engine designed lo deliver lowbandwidth information to low-connectivity communities.
Introduction
In many of the world's communities, there is limited access to information. In places that have both computers and functioning phone lines, the Intemet has the potential to provide access to a large amount of information electronically. However, there are obstacles. Bandwidth is so narrow that it can take the user hours to fmd what she is looking for when browsing the Web, since she has to wait for each page to load. Time spent online often translates to higher telephone and ISP charges. Unreliable network inhastructures can sometimes prevent access to the Intemet altogether. There might he little access to technical support, software patches and anti-virus software.
At the same time, the developed world is moving to a more and more web-centric existence. Customer service is a wehsite, not a phone call. We download school applications. We shop. Documents are exchanged. News is provided online. But the news site is image intensive, and loads very slowly over a 28K modem. For users with a low-handwidth Intemet connection, accessing these services might not he possible. High-handwidth features that improve the appearance of a page risk to widen the digital divide even when they contain informational content.
This is an example of a set of problems that exists outside of many of our normal frames of reference. They are challenging, technical problems, and we think that 0-7803-7824-0/02/$10.00 02002 IEEE problems like this deserve more of our attention. It is our responsibility to remember that not everyone is wellconnected, and to work to provide access to the millions of people who have restricted or no access to the computer infrastruchves -such as the Intemet -that we take for granted, whether they are in the developed or the developing world.
In this paper, we will discuss the need to recognize the numerous technical challenges that exist in other settings, and how to find and identify them. Just as the field of engineering has the field of Appropriate Technology, we will discuss the need to recognize the field of Appropriate Information Technology (AIT): applications of Information Technology which are designed to suit the limits of their environment. As an illustration, we will describe the TEK Search Engine project 18,171 at MIT.
TEK is an email-based search engine designed to serve low-connectivity communities. More information ahout TEK can he found at http://cag.lcs.mit.edu/teW
Appropriate Information Technology
The Dictionary of Ecologv and Environmental Science defmes Appropriate Technology as "an applied science that is suitable for the level of economic development of a particular group of people" [I] . Another defmition, which we like, is "Appropriate technology is technology that fits" [6] . Appropriate technology solutions arise when someone recognizes a technical problem or the lack of a resource, and designs a solution with an understanding of the environment that the solution was intended for. These projects share one common theme: they are simple, innovative solutions to local technical problems.
Who is connected?
As can be seen in Table 1 , there has been a large increase in in6asbucture and bandwidth supporting the Internet. However, Africa, Latin America and the Caribbean, as well as parts of Asia are still bandwidth starved. A mere 1230.8 Mbps for the African continent seems insufficient.
In Table 2 Table 3: In 1998, the country of Ethiopia had a 256Kbps connection to the rest of the Internet. satellite link to Canada, at about $40,000 a month" [3] . At the same time, developing countries often use different pricing structures then we are accustomed to here, charging different rates for email access or full Intemet access (see Table 4 ). Since calls are metered in many developing counfiies, long connection times to the ISP result in increased cost [I I] .
The Need for Different Web Applications
Given the low-bandwidth and high cost of using the Intemet in low-connectivity settings, we realized that the model for Web usage that exists in this country is not compatible with the infrastructure that exists elsewhere. Downloading service packs or anti-virus upgrades is impossible at 28.8 Kbps, as it could require upwards of 5 hours. Many web pages require new plug-ins or are image-intensive. As the discussion above on the cost and shortage of bandwidth should have shown, too many 'features' on a page can make the page too costly for a low-bandwidth user to access.
Although all Web browsers do have an option for tuming off images, many users do not know that this option exists nor how to do it. Furthermore, turning off images often results in the navigation icons within the page being obscured as well; if they are not replaced with < A L P tags, the page can be rendered useless. Few Web sites are as well-designed for low-bandwidth users as the BBC news site [2] . The BBC offers a low-graphics version of every page; a few images remain, but altemative navigation links are provided.
T h e TEK Search Engine
Most search engines are designed for high-bandwidth, high-connectivity environments. The user types in a query, and the first 20 of a list of thousands of URLs are displayed. There is no actual content on this page, just a list of URLs. The user cannot judge whether a page is mainstream search engines select pages without regard for relevant until she has read the page, which she cannot do their bandwidth requirements, a criterion that might be of until the page has loaded. For users in low-connectivity primary interest to someone at the end of a slow settings, following each link, looking for the desired connection. information, can require a large amount of time. In addition, for people coming from an "information-poor" setting, being faced with thousands of URLs in a search result can be overwhelming. Leaming how to manage information is a skill acquired over time. Components of the TEK system. Without TEK, one has to pay for a slow TCP connection as each page downloads across the low-bandwidth link. Instead, TEK uses email to bridge the low-bandwidth gap when the user is disconnected. Later, the user can browse the pages in real-time via a direct connection to the TEK Proxy.
Having recognized that searching the Web is a technical problem in low-connectivity settings, we began to look for an appropriate solution. The result is the TEK Project [8,17].
TEK -which stands for "Time Equals Knowledge" -is an email-based search engine that has three components: the Client, which presents a graphical interface to the user; the Server, which performs the searches from MIT; and a reliable email-based Communication Protocol between the TEK Client and the TEK Server [ 131. A user enters the search terms in a webbased form resembling a search engine. The search query is automatically sent via email to the server at MIT, which performs the search using existing search engines, downloads actual pages and emails a subset of those pages back to the user. After the query results anive on the client, the user can browse the resulting pages as if they were being retrieved from online.
The use of email as the communication medium means that the system is asynchronous and that the Client does not need to maintain (and pay for) a full Intemet connection. The email protocol also introduces a time delay that the Server uses to do post-processing of search results, such as page ranking, removal of duplicate pages, page selection using various heuristics, and compression. Finally, the TEK Client is a Java proxy server that runs inside a Web browser. This makes the TEK search process as close as possible to regular Web search.
The TEK system, then, is designed to be: 1) Low-connectivity, in that it does not rely on an end-to-end connection at any point in time.
2) Low-bandwidth, in that it maximizes "information density" and only sends attachments that can be downloaded over slow connections.
3) User friendly, in that it does not overwhelm users from information-poor environments with more results than they can manage.
Similar to standard search engine tools, so that the skills the user acquires can he bansferred to other Web tools in the future, A discussion of the technical details and the economic justifications for the TEK architecture can be found in
There are a number of email-based services that retum text representations of a given web page, with some that provide an interface to search engines (e.g., GetWeb (121,
These services, however, retum only the page listing the search results, instead of downloading the discovered pages and passing on the most useful ones to the client. The user must issue subsequent requests for interesting looking URLs via one of the services.
There have been numerous attempts to use a store and forward system to exchange information, such as Globelsud in Haiti [IO] . While this works adequately for
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email (an ISP might connect to an Internet hub once an hour), it does not work for browsing the Web without a system like TEK.
Conclusion
In this paper, we have discussed the need for Appropriate Information Technologies. There are many interesting, challenging, technical IT problems waiting to be solved -problems that we do not see on a daily basis because we have adequate infrastructure and resourcesthat deserve more attention. One set of these problems relate to low Internet connectivity. We believe that once one takes into consideration the paucity and cost of Internet infrastructures in developing countries, a new class of technical research problems presents itself.
As an example of an AIT project, we presented the TEK Search Engine. TEK is designed to deliver information using the most cost-effective and reliable Internet communication structures that we could find: asynchronous email. Because we do not consider TEK to be a permanent solution, we have designed it to be as much of a "stepping stone" to true Web browsing as possible, building the user interface as a proxy server inside a Web browser.
We have a working implementation of the TEK system and we are expanding our user base.
We believe that TEK is a good example of AIT research because the TEK design was based on an understanding of the context it needs to serve. If we are to convince more people to become involved in AIT projects, it will be necessary to teach people to identify technical problems in environments in which they have never lived. This remains an important topic for discussion. We cited research projects from the fields of Appropriate Technology and Appropriate Information Technology that might entice people to think more about some of these problems.
As computers become more and more central in our lives, new applications will threaten to exclude users who lack access, funds, or training. It is our responsibility to remember that not everyone has the same resources or is as well-connected.
But this responsibility is not necessarily a burden: we should use the < A L P tags in our HTML pages, transmit files in manageable sizes, and we should continue to look for the exciting, technical challenges that -while not right under our noses -are out there.
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